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Abstract: Development of An Interactive Problem-Based Learning E-Module to Improve
Higher-Level Thinking Abilities in Thermochemistry. 21st-century education demands the
development of students' Higher Order Thinking Skills (HOTS). However, the abstract and
calculation-heavy nature of the eleventh-grade thermochemistry material makes it difficult for
students to comprehend when relying solely on conventional textbooks. Furthermore, the learning
process in schools is still heavily dominated by teacher-centered lecture methods. As a solution,
an interactive e-module was developed by integrating multimedia and the Problem-Based
Learning (PBL) model to stimulate analytical thinking and problem-solving skills. This study is
a Research and Development (R&D) project using the 4D development model, which consists of
the Define, Design, Develop, and Disseminate stages. The instrument trial subjects involved 35
eleventh-grade students in class XI C at SMA Negeri 17 Medan. The feasibility of the e-module
was evaluated through validation by material and media expert lecturers. The validation results
showed an average score of 93.93% from the material experts and 92.15% from the media experts,
classifying the e-module as highly valid. Additionally, the e-module received a highly positive
response from students, achieving a practicality percentage of 88.17%. The use of the interactive
PBL-based e-module is proven effective in improving students' Higher Order Thinking Skills.
This is demonstrated by the increase in the average score from the pretest (28.19) to the posttest
(82.09), yielding an N-Gain score of 0.74, which falls into the medium category.
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Abstrak: Development of An Interactive Problem-Based Learning E-Module to Improve
Higher-Level Thinking Abilities in Thermochemistry. Pendidikan abad ke-21 menuntut
pengembangan Keterampilan Berpikir Tingkat Tinggi (Higher Order Thinking Skills atau HOTS)
siswa. Namun, sifat materi termokimia kelas X1 yang abstrak dan sarat perhitungan menyulitkan
siswa untuk memahaminya jika hanya mengandalkan buku teks konvensional. Selain itu, proses
pembelajaran di sekolah masih sangat didominasi oleh metode ceramah yang berpusat pada
guru. Sebagai solusi, sebuah e-modul interaktif dikembangkan dengan mengintegrasikan
multimedia dan model Problem-Based Learning (PBL) untuk merangsang kemampuan berpikir
analitis dan pemecahan masalah. Penelitian ini merupakan proyek Penelitian dan
Pengembangan (Research and Development atau R&D) yang menggunakan model
pengembangan 4D, yang terdiri dari tahapan Define (Pendefinisian), Design (Perancangan),
Develop (Pengembangan), dan *Disseminate* (Penyebarluasan). Subjek uji coba instrumen
melibatkan 35 siswa kelas X1 C di SMA Negeri 17 Medan. Kelayakan e-modul dievaluasi melalui
validasi oleh dosen ahli materi dan ahli media. Hasil validasi menunjukkan skor rata-rata
93,93% dari ahli materi dan 92,15% dari ahli media, yang mengklasifikasikan e-modul tersebut
sebagai sangat valid. Selain itu, e-modul ini mendapat respons yang sangat positif dari siswa,
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dengan tingkat kepraktisan mencapai 88,17%. Penggunaan e-modul interaktif berbasis PBL
terbukti efektif dalam meningkatkan Keterampilan Berpikir Tingkat Tinggi siswa. Hal ini
ditunjukkan oleh peningkatan skor rata-rata dari *pretest* (28,19) ke posttest (82,09), yang
menghasilkan skor N-Gain sebesar 0,74, yang termasuk dalam kategori sedang.

Kata kunci: E-modul, Problem Based Learning, Higher Order Thinking Skills, Thermochemistry
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= INTRODUCTION

21st-century education requires students to possess Higher Order Thinking Skills
(HOTS), which encompass the abilities to analyze, evaluate, and create. This aligns
closely with both the *Kurikulum Merdeka* (Independent Curriculum) and the 2013
Curriculum, which emphasize the importance of developing critical, creative,
collaborative, and communicative thinking skills within the school learning process. As
a science subject, chemistry plays a vital role in fostering these skills, particularly because
many chemical concepts relate to real-world phenomena in daily life. Despite this
importance, many students still struggle to learn chemistry—especially topics like
thermochemistry, which are abstract and calculation-heavy. These difficulties are
compounded by instructional processes that remain dominated by conventional methods
focused on information delivery, thereby failing to emphasize the development of HOTS.
Furthermore, the teaching materials employed by teachers often consist of standard
textbooks or printed modules that lack interactivity, resulting in low student engagement.
To address the issue of teaching material availability, the development of interactive e-
modules is believed to enhance students' HOTS, as these offer numerous advantages over
conventional printed modules. E-modules provide multimedia integration, interactivity,
and learning flexibility, enabling students to grasp abstract concepts through animations,
simulations, and visualizations. The use of e-modules also fosters learner autonomy,
allowing students greater freedom to explore the subject matter. To maximize the
effectiveness of e-module-based learning in cultivating HOTS, an appropriate
instructional framework such as the Problem-Based Learning (PBL) model is required to
actively engage students. PBL is an instructional model that presents relevant, authentic
problems to facilitate student problem-solving. Integrating open-ended problems
characteristic of PBL into e-modules directly guides students to analyze, evaluate, and
formulate creative solutions through contextual problem-solving activities. Thus, the
development of an interactive PBL-based e-module can serve as an innovative solution
to enhance higher-order thinking skills and the quality of chemistry learning, aligning
with 21st-century demands.

= METHOD

This study employs the Research and Development (R&D) method. The
development model applied is the 4D model—adapted from Thiagarajan—which
comprises four main stages: Define, Design, Develop, and Disseminate. The primary
objective of this research is to produce a valid, practical, and effective interactive e-
module based on Problem-Based Learning (PBL) for the topic of Thermochemistry,
aimed at enhancing the Higher-Order Thinking Skills (HOTS) of high school students.
The implementation steps follow the four operational stages of the 4D model: Define
Stage: Conducted to establish objective requirements and parameters regarding the
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learning material being developed. Design Stage: The phase for creating an initial draft
or prototype of the e-module based on the needs analysis. Activities include: Standardized
Test Preparation (designing the test blueprint and HOTS-based assessment instruments
to measure students' higher-order thinking capabilities) and Media Selection (determining
supporting digital platforms: Canva for visual design, Microsoft Word for content
drafting, Google Forms for quizzes/evaluations, and Flip PDF Professional for converting
the document into an interactive flipbook format). Develop Stage: Aimed at producing a
valid and viable final e-module product. Disseminate Stage: The validated e-module
product is implemented in a sample class.

= RESULT AND DISCUSSION

The development of this interactive e-module based on Problem-Based Learning
(PBL) for Thermochemistry was evaluated across three main aspects: feasibility
(validity), practicality, and effectiveness. Feasibility of the E-Module (Expert Validation)
Based on expert assessments, the e-module draft was declared highly feasible for
implementation. The material expert validation, which covered content, presentation, and
contextual feasibility, achieved an average score of 93.93%, categorizing it as "Highly
Valid". Meanwhile, the media expert validation assessing graphics and language elements
obtained an average score of 92.15% ("Highly Valid™). This high level of feasibility aligns
with a previous study by Elfiza and Hardeli (2024) on the validation of a PBL-based
thermochemistry e-module for the Merdeka Curriculum, which emphasizes that
integrating PBL syntax into thermochemistry topics meets current digital teaching
material standards. This is further supported by Dewi and Mercuriani (2024), who found
that packaging abstract material into a problem-based digital device is proven to facilitate
students' independent conceptual understanding.

Practicality of the E-Module (Student Responses) A limited field trial conducted
in class XI C at SMA Negeri 17 Medan indicated that the e-module is highly practical for
use in learning. The student response questionnaire yielded an average percentage of
88.17%, falling into the "Highly Positive™ category. This practicality is driven by
interactive multimedia components, such as videos, interactive quizzes, flipbook features,
and QR codes. This finding is linear with the research results of Lestari and Sabani (2025),
which state that visual readability and ease of navigation in PBL-based e-modules
massively increase students' independent learning motivation. Theoretically, this visual
interactivity minimizes student verbalism in understanding abstract scientific phenomena
(Saralee et al., 2024).

Effectiveness of the E-Module (HOTS Improvement) The effectiveness of the e-
module was measured through the improvement of students' Higher Order Thinking
Skills (HOTS) using Normalized Gain (N-Gain) analysis. The results showed a
significant increase in learning outcomes, where the students' average score surged from
28.19 during the pre-test to 82.09 in the post-test. Through the Hake index calculation, an
N-Gain value of 0.74 was obtained, which is classified under the "High" category.

This improvement in HOTS capabilities (C4 to C6 aspects) confirms the meta-
analysis results by Alvionita (2025) and Fitri and Mufit (2024), which concluded that the
PBL model exerts a strong positive influence on cognitive learning outcomes and
students' critical thinking skills in chemistry. The characteristics of thermochemistry
material, which involve energy calculations and abstract concepts, can be well
internalized because the PBL stages or syntax (from problem orientation to evaluation)
train students' logical reasoning in a structured manner, similar to the findings of Zhafirah
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et al. (2025) and Mayanty dkk. (2022). Although there are technical challenges, such as
variations in internet network stability and the diverse initial abilities of students in
heterogeneous classrooms, as mapped out by Viehmann et al. (2024), cumulatively, this
PBL-based interactive e-module is proven to be valid, practical, and effective as an
innovative medium to boost students' higher-order thinking skills in Thermochemistry.

= CONCLUSION

The development of an interactive e-module based on problem-based learning
(PBL) has proven highly valid and effective in improving students' higher-order thinking
skills in thermochemistry. Validation by material and media experts showed a very high
average feasibility score, while student responses were also very positive towards the use
of this e-module. The impact of the e-module implementation was seen in a significant
increase between pretest and posttest results, although the N-gain score was still in the
moderate category. The main strengths of this e-module lie in its interactivity, use of
multimedia, flexibility of access, and integration of contextual questions that require
students to think critically, creatively, and evaluatively according to the HOTS (Higher
Order Thinking Skills) domain. Teacher support as a facilitator and the use of supporting
applications such as Canva, Google Forms, and Flip PDF Professional also helped
strengthen the in-depth and independent learning experience. These findings align with
literature that confirms the superiority of PBL and digital teaching materials in promoting
higher-order thinking skills, both in chemistry and other fields. However, several
challenges such as gaps in students' initial abilities, technical constraints, and the need for
independent learning adaptations require attention to optimize future implementation.
This research confirms that the integration of PBL-based interactive e-modules is worthy
of being an effective alternative in 21st-century learning, supports curriculum
achievements, and can be replicated for other materials and levels with further
development.
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